INTRODUCTION
============

Malignant gastric outlet obstruction (GOO) is a serious complication which often develops in patients with the advance stage of several types of cancer. Given the poor general condition in patients with malignant GOO, endoscopic self-expandable metal stents (SEMS) placement is an attractive alternative to surgical gastrojejunostomy, because endoscopic SEMS placement can provide a rapid relief in obstructive symptoms with lower morbidity and mortality compared to surgical gastrojejunostomy.[@b1-gnl-11-481]--[@b4-gnl-11-481]

Although several reports showed the safety and efficacy of covered and uncovered SEMSs for malignant GOO, both of them have inherent advantages and disadvantages.[@b5-gnl-11-481]--[@b8-gnl-11-481] Generally, covered SEMS can prevent tumor ingrowth which is the major cause of dysfunction in uncovered SEMS, but is prone to migration.[@b9-gnl-11-481]--[@b11-gnl-11-481] In our previous study, a partially covered, triple-layer SEMS with prolonged uncovered portion at both ends, modified ComVi stent (Taewoong Medical, Gimpo, Korea), showed no tumor ingrowth without increasing the risk of migration.[@b12-gnl-11-481] To further reduce the risk of stent migration, a novel partially covered SEMS with a large-bore flare proximal end, Flared-ComVi stent (Niti-S stent, ComVi type, Flare; Taewoong Medical), was developed. We evaluated the safety and efficacy of this novel SEMS for malignant GOO in this study.

MATERIALS AND METHODS
=====================

This study was a multicenter, single-arm, retrospective study to evaluate the safety and efficacy of the Flared-ComVi stent at Tokyo University Hospital and five affiliated hospitals. Written informed consent was obtained from all patients before the procedure. This study was approved by the local ethical committee of each hospital.

1. Patients
-----------

Between March 2014 and May 2015, consecutive patients undergoing a Flared-ComVi stent placement for symptomatic malignant GOO were retrospectively studied. Patients with multiple gastrointestinal (GI) tract strictures and patients with a history of previous palliative gastrojejunostomy or a SEMS placement for malignant GOO were excluded.

2. Flared-ComVi stent
---------------------

The flared-ComVi stent (Taewoong Medical) was constructed of a polytetrafluoroethylene (e-PTFE) membrane sandwiched between two uncovered nitinol SEMS layers. The outer uncovered layer was expected to prevent SEMS migration. The flared-ComVi stent has low axial force which allows to maintain its bent shape when placed in a tortuous portion of GI tract.[@b13-gnl-11-481] The Flared-ComVi stent expands up to 20 mm in diameter and has a large-bore uncovered proximal flare end (25 mm in diameter and 15 mm in length) with nonflare uncovered distal end (20 mm in diameter and 15 mm in length). The lengths of 80, 100, and 120 mm are commercially available, with the delivery system of 10F ([Fig. 1](#f1-gnl-11-481){ref-type="fig"}).

3. Stent placement
------------------

Details of the SEMS placement procedure have been reported previously.[@b6-gnl-11-481],[@b12-gnl-11-481] Under conscious sedation with intravenous pethi-dine hydrochloride and diazepam, the procedure was performed using a therapeutic endoscope equipped with 3.7-mm accessory channel (GIF-2T-240 or TJF-260V; Olympus Medical Systems, Tokyo, Japan). The gastroduodenal stricture was passed by using an endoscopic retrograde cholangiopancreatography (ERCP) catheter (ERCP-catheter; MTW Endoskopie Inc., Wesel, Ger-many) with a 0.035-inch guidewire (Revowave, Piolax Medical Devices, Kanagawa, Japan; Jagwire, Boston Scientific, Natick, MA, USA). After the length of the stricture was assessed by injection of water-soluble radiographic contrast media through a catheter, SEMS length was determined in accordance with the following criteria: (1) the PTFE cover sufficiently covered the stricture to prevent tumor ingrowth and (2) the SEMS was long enough to prevent kinking of the digestive tract at both ends. After the delivery system was advanced through the obstruction over the guidewire via the working channel, the SEMS was carefully deployed under endoscopic and fluoroscopic guidance ([Fig. 2](#f2-gnl-11-481){ref-type="fig"}). The proximal flare end was placed proximal to the pyloric ring whenever possible. A contrast media was flushed to evaluate patency after the Flared-ComVi stent placement. Oral intake was restarted after no dislocation and sufficient expansion of the SEMS were verified by an abdominal radiography.

4. Outcomes and definitions
---------------------------

The data were prospectively collected into our database which was merged at the University of Tokyo Hospital. The primary outcome was clinical success, and the secondary outcomes included technical success, stent dysfunction, adverse events, and survival after stent placement.

Technical success was defined as adequate placement of the SEMS across the stenosis, as confirmed by a combination of endoscopy and fluoroscopy. Clinical success was defined as the relief of obstructive symptoms and/or at least 1 grade of improvement of the gastric outlet obstruction scoring system (GOOSS) score within 3 days after SEMS placement. The severity of obstructive symptoms was evaluated with the GOOSS, in which a grade of 0 indicates no oral intake, 1 indicates intake of liquids only, 2 indicates intake of soft solids, and 3 indicates a low residue or a full diet.[@b14-gnl-11-481] Duodenal stenoses were classified according to the location of the obstruction in relation to the major papilla: type I, proximal to and without involvement of the papilla; type II, affecting the second portion of the duodenum and the papilla; type III, distal to and without involvement of the major papilla.[@b15-gnl-11-481]

Stent dysfunction was defined as the recurrence of symptoms associated with GOO and an endoscopic examination was performed to evaluate the cause of the SEMS dysfunction when it was feasible for patients. Adverse events were defined and graded according to the lexicon for recommended by the American Society for Gastrointestinal Endoscopy.[@b16-gnl-11-481] Based on timing, adverse events were defined as "early" if it occurred within 14 days and "late" from day 15 onward.

5. Statistical analysis
-----------------------

All analyses were performed by using JMP version 11.0 (SAS Institute, Cary, NC, USA). Results are expressed as number (%) or median (range). Pre- and post-GOOSS scores are compared by using the Wilcoxon signed-rank test. Cumulative stent patency and survival after stent placement were analyzed by the Kaplan-Meier method. Stent function was censored when a patient died without stent dysfunction or was alive with a patent stent. The factors which may be associated with stent migration were also evaluated using the Fisher exact test. A p-value \<0.05 was considered statistically significant.

RESULTS
=======

1. Patient characteristics
--------------------------

Patients' characteristics are shown in [Table 1](#t1-gnl-11-481){ref-type="table"}. The etiologies of GOO were pancreatic cancer in 17 (44%), gastric cancer in 16 (36%), and other cancers in eight (20%). Six patients had an anastomotic stricture caused by recurrent tumor. Concurrent biliary obstruction was present in 11 patients (27%), receiving endoscopic biliary drainage in 10 (trans-papillary biliary drainage in eight; endoscopic ultrasound \[EUS\]-guided hepaticogastrostomy in two), and percutaneous transhepatic biliary drainage in one. The GOOSS score before SEMS placement was 0 in 24 patients (59%), 1 in 11 (27%), and 2 in six (15%).

2. Technical and clinical success
---------------------------------

As shown in [Table 2](#t2-gnl-11-481){ref-type="table"}, technical success was achieved in all 41 patients (100%), with a median procedure time of 32 minutes (range, 19 to 120 minutes). Stent length was 80 mm in four patients, 100 mm in 10, and 120 mm in 27. In nine patients with type II obstruction,[@b15-gnl-11-481] the papilla was masked after SEMS placement. Clinical success was obtained in 39 patients (95%). Oral intake was restarted at median of 2 days (range, 1 to 9 days) and the GOOSS scores were significantly improved after stenting (median of 0; range, 0 to 2) versus (median of 3; range, 0 to 3) (p\<0.01). The maximum oral intake after stenting was low-residual or full diet in 35 patients, soft solids in three, liquids in one, and no oral intake in two. After SEMS placement, 22 (54%) received systemic chemotherapy including intraperitoneal chemotherapy for peritoneal dissemination.[@b17-gnl-11-481]--[@b19-gnl-11-481]

3. Adverse events
-----------------

Two patients (5%) developed adverse events, including one mild pancreatitis and one perforation. No procedure-related death was observed. Pancreatitis was observed in a patient who underwent both SEMS placement for malignant GOO and distal biliary obstruction in one session. Because the papilla was not masked by the Flared-ComVi stent, pancreatitis was considered as a consequence of ERCP with biliary stenting. The GI perforation was observed around the fourth portion of duodenum where the distal end of the SEMS was contacted in a patient with pancreatic body cancer receiving chemotherapy at 132 days after SEMS placement. The patient recovered with conservative treatment without any interventions and subsequent GI contrast exam under endoscopy revealed no leakage.

4. Stent function, reintervention, and survival
-----------------------------------------------

Stent dysfunction and reintervention are summarized in [Table 3](#t3-gnl-11-481){ref-type="table"}. During the follow-up period, stent dysfunction occurred in 18 patients (44%), including stent migration in nine (23%), tumor overgrowth in four (10%), and tumor ingrowth in one (2%). Among those with stent dysfunction, endoscopic reintervention was successfully performed without any salvage surgical procedure in all 12 patients (29%): An additional SEMS placement in 11 and balloon dilation in one. The remaining six patients received no endoscopic reintervention because of poor general condition in one, multiple GI strictures in one, and improvement with conservative therapy in four. Cumulative stent patency and survival after stent placement were 132 and 176 days, respectively ([Fig. 3](#f3-gnl-11-481){ref-type="fig"}).

5. Migration
------------

Of note, stent migration occurred in nine patients (23%), including early migration in five and late migration in four ([Table 4](#t4-gnl-11-481){ref-type="table"}). In five patients with early stent migration, all SEMSs were distally migrated within 7 days and additional uncovered SEMSs placement (WallFlex, Boston Scientific; Niti-S, Taewoong Medical) were required ([Fig. 4](#f4-gnl-11-481){ref-type="fig"}). The remaining four patients with late migration encountered stent migration at 23, 50, 76, and 87 days, respectively. Among these, all SEMSs were spontaneously discharged without stent removal and additional SEMS placement was required only in two patients. Asymptomatic stent migration in the remaining two patients was incidentally diagnosed by computed tomography scan for the evaluation of chemotherapy, and needed no additional SEMS placement.

As shown in [Table 5](#t5-gnl-11-481){ref-type="table"}, an exploratory analysis showed younger age \<60 years, ascites, anastomotic obstruction and chemotherapy after SEMS placement tended to be associated with SEMS migration.

DISCUSSION
==========

This study demonstrated that the newly designed Flared-ComVi stent was safe and effective to palliate symptoms in patients with malignant GOO. However, contrary to our expectations, the large-bore uncovered flare at proximal end could not reduce stent migration.

Recent randomized trials of covered and uncovered SEMSs for malignant GOO demonstrated a significantly lower tumor ingrowth rate in covered SEMSs (1% to 3%); however, this advantage was offset by a significantly higher migration rate (13% to 32%), which ultimately resulted in comparable overall stent patency between covered and uncovered SEMSs.[@b9-gnl-11-481],[@b10-gnl-11-481],[@b20-gnl-11-481] Therefore, it is desirable to develop a novel SEMS which can overcome stent migration as well as tumor ingrowth. Previously, we reported modified ComVi stent which has long uncovered portion at both ends was associated with decreased risk of stent migration (6.8%).[@b12-gnl-11-481] Here, Flared-ComVi stent was developed based on modified ComVi stent by adding proximal flare end in order to reduce stent migration further. In this study, however, Flared-ComVi stent failed to prevent stent migration (23%). Although the reasons of a high migration rate in Flared-ComVi stent were unclear, our exploratory analysis showed that age \<60, ascites, anastomotic obstruction, and chemotherapy after SEMS placement tended to be associated with SEMS migration. A prospective cohort study found a significant association between the use of chemotherapy and stent migration,[@b21-gnl-11-481] but in the current study only two out of nine patients developed stent migration during chemotherapy. Therefore, it is unlikely that reduced tumor burden by chemotherapy was associated with stent migration in our cohort. Rather, the design of the proximal flared end might not be ideal to prevent migration. The radial force of proximal flare end was intentionally designed to be low to prevent perforation, but might be too low to prevent migration and, in addition, the flare can catch food particles and we speculate a large amount food in the flared end might further increase the risk of migration with peristalsis (as shown in [Fig. 4](#f4-gnl-11-481){ref-type="fig"}). We believe the improvement of antimigration system is important to further prolong stent patency of covered SEMS for GOO. One possible option is to develop an ideal flare which has an appropriate size and radial force, preventing migration as well as perforation. The other is to fix stent using clips or suturing devices as demonstrated in esophageal stent.[@b22-gnl-11-481],[@b23-gnl-11-481]

Other than stent migration, this SEMS achieved high technical and clinical success rates. Technical success rate of 100% and clinical success rate of 95% were comparable to previous reports: 90% to 100% and 80% to 95%, respectively.[@b5-gnl-11-481]--[@b8-gnl-11-481],[@b12-gnl-11-481] Patients showed fast relief of symptoms and improved GOOSS scores (85% of patients could have a low residue or a full diet within 5 days). Additionally, we did not encounter severe adverse events in this study. Therefore, Flare-ComVi stent provided safe and effective palliation for GOO.

The other disadvantage of covered SEMS is the inherent risk of pancreatitis and cholangitis when placed across the ampulla. In this study, no pancreatitis or cholangitis were observed among nine patients whose ampulla was masked by the stent. A previous study also indicated that covered SEMS is unlikely to obstruct bile flow, even if placed across the ampulla.[@b24-gnl-11-481] However, one possible drawback to this is that endoscopic access to biliary system through ampulla becomes nearly impossible in patients developing malignant biliary obstruction after a covered SEMS placement for GOO. Because we previously reported duodenal tumor invasion was a significant risk factor for early biliary SEMS dysfunction,[@b25-gnl-11-481] EUS-guided transmural approach is considered to be a preferable option in patients who required biliary drainage as well as GI stenting.[@b26-gnl-11-481],[@b27-gnl-11-481]

This study has some limitations including its retrospective design with a small number of patients. In addition, the study lacked a control group for comparison. However, our previous report of Modified-ComVi stent can be a historical control because all the difference with Flared-ComVi stent is its proximal flare end, and we found the flared end failed to prevent stent migration.

In conclusion, a Flared-ComVi stent was safe and effective for malignant GOO, but the flared end failed to prevent stent migration, contrary to our expectations. This finding should be taken into account before this stent is introduced into the clinical practice, and we believe further improvement of antimigration system is warranted.
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![Flared-ComVi stent. Flared-ComVi stent (Niti-S stent, ComVi type \[Flare\]; Taewoong Medical) is constructed of a polytetrafluoro-ethylene (e-PTFE) membrane sandwiched between two uncovered ni-tinol self-expandable metal stent layers and has a large-bore uncovered proximal flare end (25 mm in diameter and 15 mm in length).](gnl-11-481f1){#f1-gnl-11-481}

![Stent placement procedure. (A) A computed tomography scan revealed a tight stricture at the third and fourth portions of the duodenum by pancreatic body cancer. (B) A guidewire was passed through the stricture under fluoroscopy. (C) Placement of the Flared-ComVi stent (Taewoong Medical). (D) Endoscopic view of a deployed Flared-ComVi stent.](gnl-11-481f2){#f2-gnl-11-481}

![Cumulative stent patency and survival after stent placement. Kaplan-Meier analysis revealed the median time to stent dysfunction and survival after stent placement of 132 and 176 days, respectively.](gnl-11-481f3){#f3-gnl-11-481}

![Case of stent migration. (A) A Flared-ComVi stent (Taewoong Medical) was successfully placed to cover the stricture at the anastomosis site, and the oral flare end appeared to be completely opening. (B) A Flared-ComVi stent was distally migrated with the flare end of collapsed (3 days after stent placement).](gnl-11-481f4){#f4-gnl-11-481}

###### 

Patient Characteristics (n=41)

  Variable                                   Value
  ------------------------------------------ -------------
  Age, yr                                    67 (35--89)
  Male sex                                   26 (63)
  Primary cancer                             
   Pancreatic cancer                         17 (44)
   Gastric cancer                            16 (36)
   Biliary cancer                            3 (8)
   Others                                    5 (13)
  Karnofsky performance status               
   100--90                                   6 (15)
   80--70                                    22 (54)
   60--50                                    13 (32)
  GOOSS score                                
   0 (no oral intake)                        24 (59)
   1 (liquids possible)                      11 (27)
   2 (soft solids possible)                  6 (15)
  Location of obstruction[@b15-gnl-11-481]   
   Type I (proximal to the papilla)          16 (39)
   Type II (involving the papilla)           9 (22)
   Type III (distal to the papilla)          10 (24)
   Anastomosis                               6 (15)
  Concurrent biliary obstruction             11 (27)
  Ascites                                    19 (46)
  Peritoneal dissemination                   24 (59)

Data are presented as median (range) or number (%).

GOOSS, gastric outlet obstruction scoring system.

###### 

Clinical Outcomes

  Variable                                  Value
  ----------------------------------------- --------------
  Technical success                         41 (100)
  Clinical success                          39 (95)
  Procedure time, min                       32 (19--120)
  Discharge from hospital                   35 (85)
  GOOSS score after stent placement         
   ≥1 (liquids possible)                    39 (95)
   ≥2 (soft solids possible)                38 (93)
   3 (low-residual or full diet possible)   35 (85)
  Time to restart oral intake, day          2 (1--9)
  Chemotherapy after SEMS placement         22 (54)

Data are presented as number (%) or median (range).

GOOSS, gastric outlet obstruction scoring system; SEMS, self-expandable metal stent.

###### 

Stent Dysfunction and Reintervention

  ---------------------------------------------------------------------------------------------------
                               No. (%)   Reintervention
  ---------------------------- --------- ------------------------------------------------------------
  Migration                    9 (23)    7 Additional SEMS placement (including SEMS removal in 2)\
                                         2 No additional SEMS placement

  Tumor overgrowth             4 (10)    3 Additional SEMS placement\
                                         1 No intervention

  Tumor ingrowth               1 (2)     1 No intervention

  Hyperplasia                  1 (2)     1 Additional SEMS placement

  Incomplete stent expansion   1 (2)     1 Balloon dilation

  Food impaction               2 (5)     2 No intervention
  ---------------------------------------------------------------------------------------------------

SEMS, self-expandable metal stent.

###### 

Characteristics of Patients with Stent Migration

  Case   Age, yr   Sex   KPS   GOOSS score, before/after SEMS placement   Primary cancer   Obstruction site   Stent length, mm   Biliary obstruction   Ascites   Peritoneal dissemination   Chemotherapy after SEMS   Time to stent migration, day   SEMS addition
  ------ --------- ----- ----- ------------------------------------------ ---------------- ------------------ ------------------ --------------------- --------- -------------------------- ------------------------- ------------------------------ ---------------
  1      55        M     60    0/3                                        Gastric          Anastomosis        120                No                    Yes       Yes                        No                        7                              Yes
  2      66        F     30    0/3                                        Gastric          Type I             120                No                    Yes       Yes                        Yes                       87                             No
  3      61        M     90    0/3                                        Bile duct        Type II            120                Yes                   No        No                         Yes                       50                             Yes
  4      42        F     60    2/3                                        Gastric          Anastomosis        80                 No                    No        Yes                        Yes                       7                              Yes
  5      78        M     50    0/3                                        Pancreatic       Type III           120                Yes                   No        No                         Yes                       76                             No
  6      52        F     90    0/3                                        Pancreatic       Type III           100                No                    No        Yes                        Yes                       5                              Yes
  7      66        F     80    0/3                                        Pancreatic       Type III           120                No                    No        No                         Yes                       23                             Yes
  8      58        F     80    2/3                                        Gallbladder      Type III           120                No                    No        No                         Yes                       7                              Yes
  9      43        M     90    1/3                                        Bile duct        Anastomosis        120                No                    No        Yes                        No                        6                              Yes

KPS, Karnofsky performance scale; GOOSS, gastric outlet obstruction scoring system; SEMS, self-expandable metal stent; M, male; F, female.

###### 

Factors Associated with Stent Migration

  Variable                            Stent migration                                        p-value
  ----------------------------------- ------------------------------------------------------ ---------
  Age, yr                                                                                    0.04
   \<60                               5/9 (56)                                               
   ≥60                                4/32 (13)                                              
  Sex                                                                                        0.29
   Female                             5/15 (33)                                              
   Male                               4/26 (15)                                              
  Karnofsky performance status                                                               0.44
   \>70                               5/17 (29)                                              
   ≤70                                4/24 (17)                                              
  GOOSS score                                                                                0.65
   0                                  6/24 (25)                                              
   1--2                               3/17 (18)                                              
  Primary cancer                                                                             0.65
   Gastroduodenal                     3/17 (18)                                              
   Nongastroduodenal cancer           6/24 (25)                                              
  Obstruction site                                                                           0.19
   Anastomosis                        3/6 (50)                                               
   Other                              6/35 (17)                                              
  Stent length, mm                                                                           0.49
   120                                7/27 (26)                                              
   80--100                            2/14 (14)                                              
  Concurrent biliary obstruction                                                             0.72
   Yes                                2/11 (18)                                              
   No                                 7/30 (23)                                              
  Ascites                                                                                    0.18
   Yes                                2/19 (11)                                              
   No                                 7/22 (32)                                              
  Peritoneal dissemination                                                                   0.98
   Yes                                5/23 (22)                                              
   No                                 4/18 (22)                                              
  Chemotherapy after SEMS placement                                                          0.15
   Yes                                7/21 (33)[\*](#tfn9-gnl-11-481){ref-type="table-fn"}   
   No                                 2/20 (10)                                              

Data are presented as number/total number (%).

GOOSS, gastric outlet obstruction scoring system; SEMS, self-expandable metal stent.

Five patients developed stent migration prior to introduction of chemotherapy.
